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Proesses e+e− → cc¯cc¯ and e+e− → J/ψ + gg at√
s = 10.59 GeV.
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Abstrat
BELLE Collaboration data for J/ψ inlusive prodution in the proesses e+e− →
J/ψ+gg and e+e− → J/ψ+cc¯ have been disussed. These data have been ompared with
the preditions of two pQCD methods: the former method use the information about the
J/ψ wave funtion, the latter one do not use suh information and is based on the quark-
hadron duality hypothesis. Both these alulation methods lead to essential disrepany
between the theoreti preditions and the experimental data. The prodution ross setion
dependene on eetive gluon mass has been investigated for the proess e+e− → J/ψ+gg.
The prodution ross setion of doubly harmed baryons Ξ∗cc has been estimated.
1 Introdution.
Perturbative QCD allows us to desribe the hard part of hadron prodution proess. The most
essential suess is ahieved in the desription of the heavy meson prodution and the heavy
quarkonium prodution at large transverse momentum, where heavy quarks is produed in the
hard proess followed by the soft hadronization proess. The hadronization is desribed by om-
mon oeient whih is slightly depends on transverse momentum pT . It is not unlikely, that
the nal state interation an strongly brake the fatorization at small transverse momenta and
small energies. The existene of harge asymmetry in the harm partile prodution onrm
this supposition. Thus, we expet the deviation from the ommon pQCD fragmentation meh-
anism at small energies and small pT . So, the reent BELLE Collaboration researh [1℄ of pair
prodution J/ψ + ηc and inlusive prodution J/ψ + cc¯ in the e
+e−-annihilation at
√
s = 10.6
GeV results in the prodution ross setion values, whih exeed the pQCD preditions [2, 3, 4℄
by order of magnitude. The experimental shapes of some ross setion distribution for the
proess e+e− → J/ψ + gg ruially dier from the pQCD preditions.
It was shown in reent works [5℄, that the aount of eletromagneti J/ψ+J/ψ and J/ψ+ηc
pair prodution inrease almost twie the theoretial estimation of the ross setion. However, it
does not remove the existing disrepany between the pQCD preditions and the experimental
data for cc¯cc¯ prodution proess. One more disagreement takes plae for the prompt J/ψ
prodution in the proesses e+e− → J/ψ + cc¯ and e+e− → J/ψ + gg: the experimental value
[1℄
σ(J/ψ + cc¯)/σ(J/ψ + gg) = 0.59+0.15
−0.13 ± 0.12 (1)
ontradits pQCD estimations[3℄
σ(J/ψ + cc¯)/σ(J/ψ + gg) ∼ 0.1.
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It is worth to mention, that the both ross setion σ(J/ψ + cc¯) and σ(J/ψ + gg) are the
same order of αs and at
√
s = 10.6 GeV slightly depend on the used models, as well as on the
hosen sale.
In this artile we shall disuss in detail the existing disrepanies between the pQCD pre-
ditions and the experimental data.
2 Proess e+e− → J/ψ + cc¯.
The experimental values of the prodution ross setion for the inlusive proess
e+e− → J/ψ + cc¯, (2)
whih are reonstruted from the e+e− → J/ψ+D0+X and e+e− → J/ψ+D∗++X equal to
σ(e+e− → J/ψcc¯) = 1.1+0.36
−0.30 ± 0.26 pb and 0.74+0.28−0.24 ± 0.19 pb, (3)
orrespondingly[1℄.
In the frame work of pQCD the proess (2) is desribed by the diagrams of Fig. 1. The
proess amplitude an be represented as the hard cc¯ pair prodution amplitude multiplied by
amplitudes of the soft fusion into cc¯-quarkonium. Suh estimations were done independently
by several researh groups [2, 3, 6℄. These alulations are in a good aordane to eah other
and gives the ross setion value
1
:
σ(J/ψ + cc¯) ≃ 6 · 10−2 pb, (4)
whih underestimates the experimental data (3) by the oder of magnitude. The ross setion
(4) inrease due to the inrease of αs do not eliminate this disrepany. The fatorization
approah is not most likely reason of the disagreement. It was shown in work [2℄, that the
fatorization approah predits pratially the same ross setion values, as ones alulated in
the frame work of the method, whih is based on the quark-hadron duality hypothesis, and
where no fatorization, no information about wave funtion are used.
So, cc¯cc¯-prodution ross setion values alulated for the olor singlet state of cc¯-pair in
the duality interval 2mc ≤Mcc¯ ≤ 2MD∗+∆M (∆M ≃ 0.5÷1 GeV) for αs = 0.24 and mc = 1.4
GeV equal to [2℄:
σcc¯(∆M = 0.5) = 0.13 pb (5)
σcc¯(∆M = 1.0) = 0.16 pb (6)
It is worth to ompare these results with the prodution ross setion of all S-wave quarko-
nium states:
σ(Σηc,ψ) = 0.13 pb (7)
It is lear from (5, 6) and (7) that, the rough estimation of the ross setion for the proess
(2), based on duality hypothesis, as well as the more rigorous fatorization method lead to
same ross setion value. Nevertheless, as it was mentioned in Introdution, this predition
underestimates BELLE experimental data by order of magnitude.
It is neessary to note another important irumstane. The total cc¯cc¯ prodution ross
setion alulated by us at αs = 0.24, mc = 1.4 GeV and
√
s = 10.6 equals to
σ(cc¯cc¯) = 0.237 pb, (8)
1
The reent alulations [7℄ for αs = 0.26 results in twie as muh value of this ross setion.
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Figure 1: Feynman diagrams for the proess e+e− → J/ψ + cc¯.
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whih makes up Wcc¯ = 2× 10−4 of the total ross setion of the cc¯-pair prodution at the same
energy. At Z0 boson peak, where the interation energy is higher by order of magnitude, the
value ofWcc¯ is about 0.03. Suh behavior of the probabilityWcc¯ to produe the additional cc¯-pair
is desribed by pQCD alulation well [8℄. It should be noted that (8) is less than experimental
ross setion value for the proess J/ψ+ cc¯. The latter irumstane ould indiate the strong
suppression of the four D-meson prodution.
The ross setion of the eletromagneti cc¯cc¯ prodution forms about 2.5% of the total
prodution ross setion (8) :
σQED(cc¯cc¯) ≃ 6.6 · 10−3 pb
The theoretial preditions for the ross setion of the eletromagneti prodution of the S-
wave states [5℄
2
are several times greater than experimental value of cc¯cc¯ prodution. Perhaps,
this fat indiates the underestimation of the experimental value of σQED(cc¯cc¯). Also, it is not
unlikely, that eletromagneti mehanism of the cc¯cc¯ prodution is essentially dier from QCD
prodution mehanism.
3 Proess e+e− → J/ψ + gg.
Let us onsider one more proess, whih ontributes to the inlusive J/ψ prodution (see
diagrams in Fig. 2):
e+e− → J/ψ + gg.
To study this proess in detail one need to read the papers[10℄.
The proess ross setion alulated in the frame work of olor singlet model at
√
s = 10.6
GeV and αs = 0.24 equals to
σ(J/ψ + gg) = 0.7 pb. (9)
The estimation of J/ψ + cc¯ prodution in the frame work of the same model leads to the
following ratio between the ross setions:
σ(J/ψ + cc¯)/σ(J/ψ + gg) = 6 · 10−2/0.7 ≈ 0.1 (10)
It is neessary to ompare this ratio value with the experimental one (1). The predition
unertainty of ratio (10) is smaller than the ross setion unertainties themselves, beause
(10) does not inlude the nonrelativisti amplitude of the soft proess cc¯ → J/ψ. Moreover,
the both proesses e+e− → J/ψ+ cc¯ and e+e− → J/ψ+ gg are haraterized by approximately
the same virtualities, that is why the ratio (10) does not depend on fatorization sale hosen
to alulate αs.
It is worth to point out, that some diulties exist for the prompt using of the pQCD to
predit the J/ψ+ gg prodution. It is well known that the essential disrepany exits between
the LO pQCD preditions and the experimental data at small digluon masses mgg for deays
J/ψ → γ + gg and Υ → γ + gg. It was shown in [11℄ that taking into aount next order in
the alulations strongly modify the spetrum at small digluon masses. The analogous eet
an be ahieved by using the eetive nonzero mass of gluon. To estimate the gluoni mass
orretion for the J/ψ + gg prodution ross setion we follow the work [12℄ and hoose the
gluoni mass to be 1.18 GeV (as it was shown in[12℄, this mass value is needed to desribe the
photoni spetrum in the deay Υ → γ + X). In our ase the nonzero gluon mass shifts the
mgg spetrum to the region of large mgg values and derease two times the ross setion value
(see Fig. 3). For hosen gluon mass the ross setion ratio beomes equal to
σ(J/ψ + cc¯)/σ(J/ψ + gg) ≈ 0.2
2
The ross setion value of the eletromagneti prodution of S-wave state estimated in the reent work [9℄
is nearly two times less than predited in [5℄.
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Figure 2: Feynman diagrams for the proess e+e− → J/ψ + gg.
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Figure 3: The ross setion distributions on mgg for J/ψ + gg-prodution in e
+e−-annihilation
for massless gluons (mg = 0, solid urve), as well as for massive ones (mg = 1.18 GeV, dashed
urve).
It is lear, that the orretions by oused nonzero gluon mass does not remove disagreement
between the pQCD predition and the experimental data.
4 Doubly harmed baryon prodution
The researh of cc¯cc¯ prodution would not be omplete without the disussion of the doubly
harmed baryon Ξ∗cc. The Ξ
∗
cc + c¯c¯ prodution ross setion an be estimated by the same two
methods, whih are applied to alulate the J/Ψ+ cc¯ prodution.
The rst method is based on the fatorization theorem. In the frame work of this approah
the Ξ∗cc prodution an be represented as the hard cc¯cc¯ prodution followed by c-quark fusion
into the olor antitriplet state of cc-diquark. This fusion is desribed by the general oeient,
whih is proportional to the cc-diquark wave funtion (it is worth to note that the situation
is analogous to one for J/ψ prodution). At large energies of e+e−-interation the cc-diquark
prodution ross setion is alulated by onvolution of single cc¯-pair prodution with the
fragmentation funtion c → (cc)3¯ + c¯ [13℄. Unfortunately, this asymptoti regime does not set
in at energies, whih are researhed by BELLE Collaboration. Thus, it is neessary to take into
aount the total set of the nonasymptoti terms. For αs = 0.24 suh alulation leads to the
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following ross setion value :
σ(Ξ∗cc) = 0.15± 0.01 pb. (11)
The ratio of Ξ∗cc prodution ross setion and the single cc¯-pair prodution ross setion equals
to
σ(Ξ∗cc)/σcc¯ ∼ 10−4. (12)
The largest unertainty of this method is oused by the unertainty of (cc)3¯-diquark wave
funtion.
Another alulation type is based on the quark-hadron duality hypothesis. In the frame
work of this method the diquark prodution ross setion is evaluated by formula
Σσ(e+e− → (cc)3¯ + c¯c¯) =
∫ 2mc+∆M
2mc
dσ
dM
((cc)3¯ + c¯c¯)dM,
whih results in the following ross setion values for the hosen duality intervals ∆M :
σcc(∆M = 0.5 GeV) = 0.1 pb,
σcc(∆M = 1.0 GeV) = 0.17 pb. (13)
The expeted number of doubly harmed baryons at the luminosity L = 1034m2se−1 is about
∼ 104 pear year. The momentum distribution of the (cc)3¯-diquark prodution ross setion is
preformed in Fig. 4.
One an onlude from our disussion, that the ross setion value of Ξ∗cc+ c¯c¯ prodution is
lose to the ross setion value of J/ψ+cc¯ prodution. Thus if one will disover the mehanism,
whih will explain the large J/ψ prodution ross setion at BELLE experiment, then, it is not
unlikely, that analogous mehanism will predit the large ross setion value of double harmed
baryon prodution. The latter value will be several times greater than predited by us in the
frame work of pQCD.
We thank V.Kiselev, M.Danilov and P.Pakhlov for the useful disussions.
This work is supported in part by Grants RFBR 99-02-6558 and 00-15-96645, Grant of RF
Ministry of Eduation E02-3.1-96 and Grant CRDF MO-001-0.
Referenes
[1℄ Belle Collaboration, Phys.Rev.Lett.88, 052001(2002); Phys.Rev.Lett.89,142001(2002).
[2℄ V.V.Kiselev, A.K.Likhoded, M.V.Shevlyagin, Phys.Lett.B332, 411(1994).
[3℄ P.Cho and A.K.Leibovih, Phys.Rev.D54, 6690(1996).
[4℄ K.-Y.Liu, Z.-G.He, K.-T.Chao, Phys.Lett.B557, 45(2003); E.Braaten, J.Lee,
hep-ph/0211085.
[5℄ G.T.Bodwin, J.Lee, E.Braaten, hep-ph/0212181; hep-ph/0212352.
[6℄ S.Baek, P.Ko, J.Lee, H.S.Song, J.Korean Phys.So.33, 97(1998).
[7℄ K.-Y.Liu, Z.-G.He, K.-T.Chao, hep-ph/0301218.
[8℄ V.V.Kiselev, A.K.Likhoded, M.V.Shevlyagin, Phys.Atom.Nul.58,77(1995).
[9℄ A.V.Luhinsky, hep-ph/0301190.
7
dσ(cc)3¯
d|~p(cc)3¯|
, pb/GeV
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
|~p(cc)3¯|, GeV
Figure 4: The ross setion distribution on the (cc)3¯-diquark momentum for the proess e
+e− →
(cc)3¯ +X at
√
s = 10.59 GeV.
8
[10℄ J.H.Kuhn and H.Shneider, Z.Phys.C11, 263(1981), Phys.Rev.D24, 2996(1981);
V.M.Driesen, J.H.Kuhn, Phys.Rev.D49, 3197(1994); W.-Y. Keung, Phys.Rev.D23,
2072(1981); F.Yuan, C.-F.Qiao, K.-T.Chao, Phys.Rev.D56, 321(1997), Phys.Rev.D56,
1663(1997); E.Braaten, Y.-Q.Chen, Phys.Rev.Lett.76, 730(1996).
[11℄ S.Fleming, A.Leibovih, Phys.Rev.Lett.90, 032001(2003);hep-ph/0212094.
[12℄ J.H.Field, Phys.Rev.D66, 013013(2002).
[13℄ A.F.Falk et al., Phys.Rev.D49, 555(1994).
9
